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ABSTRACT: This report describes a series of wind-tunnel tests on the
cross-type parachute. The effects of cloth permeabilit'y, number of
suspension lines, and suspension line length were investigated. Forty-
inch-diameter models with a canopy arm width-to-length ratio (W/L) of
0.264 were tested at various velocities from 50 fps to 300 fps in the
fully inflated state. Results of these tests demonstrate that the
parachute geometry does have an effect on the drag capability of the
cross parachute. Additional tests of reefed configurations for sev-
eral reefing line lengths-to-canopy-diameter ratios from 0.45 to 1.6
at a constant velocity of 275 fps established the reefed characteris-
tics of this parachute. Data are presented in tabular and graphical
format. Photographs of representative canopy shapes are included for
illustration.
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The investigation presented in this report is related to the improve-
ment of parachute technology.
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SYMBOLS

D drag force, lbs

CD coefficient of drag

V velocity, ft/secj
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]
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DEFINITIONS j

Permeability rate of airflow through cloth in ft3/ft2 -min
when measured under a pressure differential
of 1/2 inch of water. ;=i -A

Skirt Reefing a restriction of the skirt of a drag-producing
surface to a diameter less than its diameter
when it is fully inflated.

Percent ratio of the drag force produced in the reefed I
Reefed condition to the drag force of the fully inflated I

parachute. LIN A
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INTRODUCTTON
Limited supersonic wind-tunnel tests at Mach numbers of M-1.6, 1.8,

2, and 3.2 demonstrated that the cross-type parachute has positive
inflation with predictable aerodynamic drag and very good stability
characteristics. This, together with very good subsonic aerodynamic
stability and drag efficiency, and a low infinite mass opening shock
factor, indicates that the cross parachute can be a very useful high-
performance decelerator. The basic simplicity of the design should

-allow for some reduction in cost compared to equivalent ribbon and
ring slot configurations, provided similar manufacturing tolerances
are applicable.

1. The problem areas which have been encountered with the cross
parachute are:

a. Lack of good definition of the drag coefficient

b. Absence of data on the reefed canopy characteristics

Heinrich, in reference (a), investigated the effects of cloth effec-
tive porosity, arm width-to-length ratio (W/L), and angle of attack
on the static stability and drag coefficients of the cross parachute.
Experience with the cross parachute indicates that additional param-
eters, other than those considered in referencc (a), affect the drag-
producing capability of this design, namely, the number of suspension
lines, suspension line length, and velocity.

t2. The purposes of this investigation are:

a. To determine the effects of geometric configuration on the
drag coefficient of a cross parachute having an arm width-to-length
ratio of 0.264. The parameters investigated are cloth permeability,
number of suspension lines, suspension line length, and velocity.

b. To establish the percent reefing of the various parachute
configurations as a function of reefing line length to canopy arm
length ratio.

APPROACH. Three series of model cross parachutes were designed

using a canopy cloth of different air permeability for each series.
All models consisted of two panels 40 inches in length with a W/L
0.264. The two panels were arranged to form the configurations

1*
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illustrated in Figure 1. Each series of models consi ted of three
parachutes with 8, 16, and 24 suspension lines, respectively, for the
same canopy cloth. As initially "nstalled, the suspension lines were
1.8 canopy diameters in length. These lines were later shortened to
1.6 and 1.4 canopy diameters. This approach provided 27 possible
geometric configurations for drag coefficient studies. Installation
of reefing rings in the skirt hem provided an additional 27 reefed
parachute configurations. Parachute construction details are
illustrated in Figure 2 and the materials used in construction of the
models are enumerated in Table I.

3. The wind-tunnel tests were conducted at the University of
Maryland 7-foot x 11-foot cross section Subsonic Wind Tunnel at
College Park, Maryland. The wind-tunnel support system, Figure 3, if
was designed to position the model canopies. A guide tube along the
wind-tunnelcenter line permitted the control of parachute oscillations.
To maintain a relatively aerodyna.mically uncluttered test section, 4
guy wires were used to support the guide tube. In all tests, the
parachute suspension lines were attached to the support ring of an
aerodynamic drag force sensing device. Assembly in this manner
lengthened the suspension lines of the various canopies to the
required length. Each parachute was mounted on the support system,
and measurements of the drag force were made at various wind-tunnel
velocities from 50 fps through 300 fps. Reefing lines of 1/16-inch A

f° diameter flexible steel cable were then installed, and measurements
of the drag force in the reefed configuration were made for several
reefing line length-to-canopy-diameter ratios from 0.45 through
1.6. Upon completion of these tests, the parachute suspension lines
were shortened to the next test length and the measurement proceduresrepeated.

4. Test data were reduced to coefficient form by means of the
following formulae:

D
CD

q 1/2 p V2  4

So 2LW -w 2

% reefed Drag of parachute in reefed condition at velocity V

Drag of fully op(, ,d parachute at same velocity

, Th5 reference area of all parachute models used in this test is
5.092 ft

21
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I

~RESULTS

T-e experiments documented in this report have established the dragcoefficients and reefed parachute characteristics for the cross para-

chute (W/L - 0.264) for various combinations of velocity, cloth per-
meability, suspension line length, number of suspension lines, and
hem reefing line length. Of the three series of parachutes which were
tested, meaningful data were obtained only on the number 2 and number
3 series canopies. Data from the series number 1 parachutes (cloth
permeability of 8 ft3/ft2 min)were very limited due to the induced
canopy rotation which resulted in the canopy spinning closed around
the guide tube support system. Low cloth permeability appears to be
another cause of canopy rotational instabjlity. Series nrmbei 2 and~number 3 (cloth permeability of 80 ft3/ft min and 208 ft /ftz min,
respectively) remained fully open throughout the velocity test range.

Drag coefficient data for the various fully opened configurations of the
number 2 and number 3 series parachutes are tabulated in Tables II and
III and graphically presented in Figures 4 and 3, respectively. These
data show that for any given configuration, the lower permeability
series number 2 parachutes have a higher drag coefficient than the
series number 3. In all configurations, an increase in the suspension
line length or the number of suspension lines was accompanied by an
increase in drag coefficient. The drag coefficients of the eight sus-
pension line canopies are essentially constant over the velocity range
tested. An increase in the number of suspension lines not only raises
the magnitude of the drag coefficient, but also produces a drag rise
with increasing velocity. There is a strong indication that the drag
coefficient rises sharply at velocities less than 40 fps. An example
of this effect is shown in Figure 44, Appendix A. The range of drag
coefficients for the tested configurations varied from a minimum of
0.54 to a maximum of 0.7S. Photographs of the fully inflated para-
chutes at wind-tunnel velocities of 50, 100, and 200 fps are presented

r in Figures 6 through 23. All parachutes were reefed using a 1/16-inch
diameter flexible steel cable. Data were obtained for ratios of reef-
ing line length-to-canopy-diameter of 0.45, 0.7, 0.85, 1.0, 1.15, and
1.6. These data are tabulated in Tables IV and V and graphically
represented in Figures 24 and 2S. Since the drag of the fully infla-
ted parachute increases as the number and/or length of suspension

lines increases, the percent reefed for a given reefing line lel~gth- --to-canopy-diameter ratio is reduced.

I
f
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FIG. 6 DRAG COEFF IC IENT TEST; PARACHUTE SERIES NO. 2; 8 SUSPENSION
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FIG. 8 DRAG COEFFICIENT TEST; PARACHUTE SERIES NO. 2; 8 SUSPENSION
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FIG. 9 DRAG COEFFICIENI TEST; PARACHUTE SERIES NO. 2; 16 SUSPENSION
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FIG. 10 DRAG COEFFICIENT TEST; PARACHUTE SERIES NO. 2; 16 SUSPENSION
LINE PARACHUTE; SUSPENSION LINE LENGTH I1.4 L
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FIG. 11 DRAG COEFFICIENT TEST; PARACHUTE SERIES NO. 2; 16 "AJSPENSION
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FIG. 13 DRAG COEFFICIENT TEST; PARACHUTE SERIES NO. 2; 24 SUSPENSION
I LINE PARACHUTE; SUSPENSION LINE LENGTH 1 .4 L
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FIG. 14 DRAG COEFFICIENT TEST; PARACHUTE SERIES NO. 2; 24 SUSPENSION
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FIG. 15 DRAG COEFFICIENT TEST; PARACHUTE SERIES NO. 3; 8 SUSPENSION
LINE PARACHUTE; SUSPENSION LINE LENGTH - 1.0 L
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FIG. 16 DRAG COEFFIC:IEN4T TEST; PARACHUTE SERIES NO. 3; 8 SUISPEN_ION
LINE PARACHUTE; SUSPENSION LINE LENGTH =1 .4 L
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FIG. 17 DRAG COEFFICIENT TEST; PARACHUTE SERIES NO. 3; 8 SUSPENSION
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VELOCITY =100 FPS

VELOCI rY =200 FPS

F IG. 18 DRAG COEFFICIENT TEST; PARACHUTE SERIES NO. 3; 16 SUSPENSION
LINE PARACHUTE; SuPENSION LINE LENGTH =1.0 L
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VELOC ITY =50 FPS

4

tII

I.- nX

VELOCITY' 20 FP0SP

FIG, 19 DRAG COEFFICIENT TEST; PARACHUTE SERIES NO. 3; 16 SUSPENSION
LINE PARACHUTE; SUSPENSION LINE LENGTH 1.4 L
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- VELOCITY 50 FP'S

VELOCITY =100 FPS

-~ VELOCITY =200 FPS

FIG. 20 DRAG COEFFICIENT TEST; PARACHUTE SERIES NO. 3; 16 SUSPENSION
LINE PARACHUTE; SUSPENSION LINE LENGTH =1.8 L
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VELOCITY 200FPS

FIG. 21 DRAG COEFFICIEN- -E.ST, PARACHUTE SERIES NO. 3; 24 SUSPENSIO)N
LINE PARACHUTE; St- ;PENSION LINE LENGTH =1.0 L
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VELOCITY' 50 FPS

VELOCITY' 100 FPS

VELOCITY -200 FPS

FIG. 22 DRAG COEFFICIENI TEST; PARACHUTE SERIES NO. 3; 24 SUSPENSIONI LINE PARACHUTE; SUSPENSION LINE LENGTH 1.4 L
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VELOCITY 50 Fps

IT

VLLOCITY 100 FPS

VELOCITY 200 FPS

FIG. 23 DRAG COEFFICIENT TEST; PARACHUTE SERIES NO. 3; 24 SUSPENSIONLINE PARACHUTE: SUSPENSION LINE LENGTH = 1 .8 L
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FIG. 24 REEFED CANOPY TEST DATA, PARACHUTE SERIES NO. 2
TEST VELOCIl Y =275 FPS
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FIG. 25 REEFED CANOPY TEST DATA, PARACHUTE SERIES NO. 3
TEST VELOCITY 275 FPS
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FIG. 44 DRAG COEFFICIENT TEST DATA, PARACHUTE SERIES NO. 2, 8 SUSPENSION
LINES AT 1.8 L LENGTH
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APPENDIX A

Initially, the investigations of the parachute drag character-
istics were to encompass a velocity range from 10 fps through 300 fps.
It was soon apparent that testing parachutes at very low velocities
in the horizontal position resulted in unrealistic, inflated canopy
shapes which cast doubts on the validity of the data. The minimum
test velocity was raised to 50 fps where the inflated shape was well
defined. However, one configuration, a series No. 2 parachute with
8 suspension lines of 1.8 L length, did provide acceptable data as
shown in Figure 44. The sharp drag rise in the low-velocity range is
evident. Similar trends were seen on other models. Tests in the low-
velocity range could be conducted in a vertical wind tunnel where any
changes in canopy ,Thape will be realistic.
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